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Abstract
Background: Identification and characterization of genetic variants and their effects 
on	human	health	may	allow	to	establish	relationships	between	genetic	background	
and susceptibility to developing cardiovascular diseases. LDLR and PCSK9 polymor‐
phisms	have	been	associated	with	higher	lipid	levels	and	risk	of	cardiovascular	dis‐
eases.	Thus,	 the	main	aim	of	this	study	was	to	evaluate	genotype	distribution	and	
relative allelic frequency of LDLR	 rs5925	(1959C	>	T)	and	PCSK9	 rs505151	(23968	
A	>	G)	genetic	variants	and	their	effects	on	lipid	levels	of	healthy	subjects	from	north‐
ern Chile.
Methods: A	total	of	178	healthy	individuals	were	recruited	for	this	study.	The	geno‐
typing	 of	 rs5925	 (LDLR)	 and	 rs505151	 (PCSK9) polymorphisms was performed by 
PCR‐RFLP	and	qPCR,	respectively.	 In	addition,	glucose	and	lipid	 levels	were	deter‐
mined and associated with the genetic data.
Results: Genotype	 distribution	 for	 LDLR	 rs5925	 polymorphism	 was	 as	 follows:	
CC	 =	 19%;	 CT	 =	 53%;	 and	 TT	 =	 28%	 (HWE:	 χ2	 =	 0.80;	P	 =	 .37),	 and	 for	 PCSK9	
rs505151	genetic	variant	was	as	follows:	AA	=	93%;	AG	=	7%;	and	GG	=	0%	(HWE:	
χ2 = 0.22; P	=	.64).	The	frequency	of	T	(rs5925)	and	G	(rs505151)	mutated	alleles	was	
0.55	and	0.03,	respectively.	Data	showed	that	individuals	carrying	LDLR mutated al‐
lele	(T)	presented	lower	values	of	total	cholesterol,	triglycerides,	and	LDL‐cholesterol	
when compared to CC homozygous genotype (P	<	.05).	Subgroup	analysis	revealed	
that women carrying the PCSK9	mutated	allele	 (G)	exhibited	higher	values	of	total	
cholesterol,	triglycerides,	HDL‐C,	and	LDL‐C	when	compared	to	male	group	carrying	
the same genotype (P	<	.05).
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1  | INTRODUC TION

A	 growing	 number	 of	 human	 diseases	 have	 been	 associated	with	
genetic	variants;	 therefore,	a	key	goal	of	biomedical	 research	con‐
sists of correlating the genotype with the phenotype for ailments 
affecting the population. While the precise magnitude of inheri‐
tance	is	specific	for	each	disease	kind,	other	factors	also	can	influ‐
ence	disease	outcome,	 such	 as	 the	 pathology	 subtype,	 age	onset,	
and environmental factors.1 These considerations can be particu‐
larly	important	for	cardiovascular	diseases	(CVD),	such	as	high	blood	
pressure	(HBP),	cardiac	ischemia,	or	stroke,	which	are	the	third	cause	
of dead in Chile.2	Most	of	these	CVD	are	associated	with	increased	
plasma	 levels	 of	 low‐density	 lipoprotein	 cholesterol	 (LDL‐C).3 On 
this	 issue,	 LDL	 receptor	 (LDLR)	 plays	 an	 important	 role	 in	 the	 li‐
poprotein	metabolism,	since	LDL‐C	 is	 removed	from	blood	vessels	
through	LDLR	endocytosis.	This	receptor	 is	a	160‐KDa	transmem‐
brane	glycoprotein,	ubiquitously	distributed	and	encoded	by	LDLR	
gene	located	in	chromosome	19,	which	spans	45	Kb	and	contains	18	
exons	encoding	for	six	functional	domains	in	the	mature	protein.4,5 
LDLR	gene	mutations	 represent	 the	main	genetic	cause	of	 familial	
hypercholesterolemia suggesting a mechanism involving genetic 
factors.6	In	this	study,	we	evaluated	LDLR	rs5925	(1959C	>	T	or	AvaII) 
genetic	variant,	previously	reported	to	be	associated	with	increased	
total	cholesterol	(TC)	and	LDL‐C	in	Chinese,	Brazilian,	Hispanic,	and	
non‐Hispanic	white	individuals.7‐9	Besides,	this	genetic	variant	was	
strongly associated with differences on plasma lipid levels in sub‐
jects	with	high	risk	of	CVD	and	lower	response	to	fluvastatin	treat‐
ment.9,10	On	the	other	hand,	this	LDLR	variant	was	associated	with	
low	LDL‐C	in	Italian	individuals	and	was	not	associated	with	change	
in	lipid	profile	in	European	subjects	from	Germany,	the	Netherlands,	
and	 Denmark.11,12	 Moreover,	 no	 association	 was	 found	 between	
LDLR	 rs5925	 genetic	 variant	 and	 atorvastatin	 response	 in	Chilean	
Amerindian	subjects,13 suggesting that LDLR polymorphism can in‐
fluence	plasma	lipid	levels	and	account	for	CVD	risk,	but	that	effect	
could also be partially influenced by ethnical characteristics in the 
studied individuals.

Beside	the	aforementioned,	plasma	lipid	levels	are	regulated	by	
proprotein	convertase	subtilisin/kexin	 type	9	 (PCSK9),	a	secretory	
serine endoprotease mainly synthesized and mainly secreted from 
liver	with	lower	expression	in	intestine,	kidney,	and	brain.14 PCSK9 
plays	a	role	as	chaperone	binding	to	LDL	receptor	(LDLR)	to	promote	
its	lysosomal	degradation	in	hepatic	cells,	mediating	approximately	
70%	of	LDL‐C	clearance.	The	PCSK9	gene	comprises	12	exons	and	11	
introns	located	in	chromosome	1,	and	is	highly	polymorphic	showing	

a	total	of	163	mutations	and	polymorphisms	that	are	distributed	in	
every PCSK9 domains.15 PCSK9 missense mutations determine a 
gain of function that accentuated PCSK9 activity and cause a rare 
form	of	autosomal	hypercholesterolemia;	on	the	other	hand,	loss‐of‐
function	mutations,	identified	at	relatively	high	frequencies	(2%‐4%)	
in	certain	ethnic	groups,	were	associated	with	lowered	plasma	LDL‐C	
levels and significant protection from CHD.16 PCSK9	rs505151	poly‐
morphism	 (23968	A	>	G)	 is	 a	gain‐of‐function	mutation	 located	 in	
exon	 12	 that	 spans	 cysteine‐rich	 C‐terminal	 domain	 and	 appears	
to	be	involved	in	autoprocessing.	A	substitution	from	glutamate	to	
glycine	at	position	670	results	in	accumulation	of	processed	PCSK9	
and	consequent	increased	plasma	LDL	levels	in	some	population.17 
This PCSK9 genetic variant was recently associated with higher 
triglycerides	 (TG)	 and	 LDL‐C	 levels	 as	 well	 as	 cardiovascular	 risk;	
associated	with	 severity	 of	 coronary	 atherosclerosis	 in	Caucasian,	
African‐Americans,	 and	American	 Indian;	 and	also	associated	with	
hypercholesterolemia in men but not in women in European popula‐
tion.17‐21	Previously	reported,	PCSK9	rs505151	genetic	variant	was	
associated	with	higher	LDL‐C	levels	and	affected	lipid‐lowering	re‐
sponse to atorvastatin in individuals from the south of Chile.22,23 On 
the	other	hand,	no	association	was	found	between	PCSK9	rs505151	
genetic	 variant	 and	 LDL‐C	 in	 old	 individuals	with	 vascular	 disease	
from	Scotland,	Ireland,	and	the	Netherlands,	and	young	and	middle	
age	African‐American	and	non‐Hispanic	black	population.24,25

All	 these	discrepancies	are	mostly	related	to	the	prevalence	of	
the mutant allele in different ethnicities varying their impact on the 
incidence	of	cardiovascular	risk;	however,	life	style	habits	and	envi‐
ronmental	factors	could	not	be	ruled	out.	Thus,	we	consider	those	
important reasons to evaluate the actual prevalence of these genetic 
variants in healthy Chilean individuals along with their relationships 
to	plasma	lipid	levels	as	important	predictors	of	cardiovascular	risk.	
Then,	this	study	was	focused	to	determine	the	prevalence	of	LDLR 
rs5925	 and	 PCSK9	 rs505151	 genetic	 variants	 in	 healthy	 subjects	
from the north of Chile and the effect of those variants on plasma 
lipid levels.

2  | MATERIAL S AND METHODS

2.1 | Subjects

A	total	of	178	unrelated	individuals	(129	females	and	49	males)	were	
selected	randomly	for	this	study.	All	subjects	included	were	healthy	
university	 students	 born	 in	 the	 region	 of	 Antofagasta	 (northern	
Chile),	with	no	diagnosis	of	CVD,	and	were	informed	about	the	study	

Conclusions: The effect of LDLR	rs5925	and	PCSK9	rs505151	gene	polymorphisms	
on lipid levels is associated with gender among healthy subjects from northern Chile.
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design	and	goals.	All	the	subjects	signed	a	written	informed	consent	
prior	 to	 enrolling	 the	 study	 and	 blood	 extraction.	 All	 participants	
filled out a standardized questionnaire concerning basic cardiovas‐
cular	risk	factors,	the	collected	data	included	age,	gender	and	con‐
sidered	smoking,	drinking,	recreational	drug	consumption,	exercise	
habits,	and	history	of	CVD	based	on	self‐reports.	The	type	of	recrea‐
tional drugs used was not specified. Individuals enrolled in the study 
required to have normal fasting glucose (levels lower than 100 mg/
dL),	systolic	blood	pressure	lower	than	120	mm	Hg,	diastolic	blood	
pressure	 lower	 than	 80	mm	Hg,	 and	 body	mass	 index	 lower	 than	
25.	Individuals	taking	anti‐hypercholesterolemic,	anti‐hypertensive,	
or hypoglycemic medicines or those who declared to have any per‐
sonal	 or	 family	 history	 of	CVD	were	 excluded	 from	 the	 study.	All	
procedures	were	approved	by	the	Ethics	Committee	of	Universidad	
de	 Antofagasta	 (Chile)	 and	 performed	 according	 to	 institutional	
guidelines.	Anthropometric	and	clinical	parameters	as	well	as	blood	
sample analyses were processed following standard procedures. 
Briefly,	the	body	mass	index	(BMI)	was	defined	as	the	body	weight	
in	kilograms	divided	by	the	square	of	the	body	height	in	meters	and	
expressed	in	units	of	kg/m2. Blood samples were obtained and sepa‐
rated	 in	 two	 fractions,	 a	 plasma	 fraction	 for	 biochemical	 analyses	
was	 centrifugal	 separated	 and	 stored	 at	 −20°C,	 and	 another	 frac‐
tion	 for	 total	 genomic	DNA	 analyses	was	maintained	 at	 4°C	 until	
processing.

2.2 | Biochemical measurements

Venous	blood	was	drawn	from	antecubital	vein	in	all	subjects	after	
overnight	 fasting.	 The	 plasma	 levels	 of	 glucose,	 total	 cholesterol	
(TC),	 triglyceride	 (TG),	 and	 high‐density	 lipoprotein	 cholesterol	
(HDL‐C)	 were	 determined	 using	 enzymatic‐colorimetric	 commer‐
cially	available	kits	from	Human	Diagnostics	Worldwide,	Germany.	
Low‐density	 lipoprotein	 cholesterol	 (LDL‐C)	 was	 calculated	 using	
Friedewald's	formula	if	TG	did	not	exceed	400	mg/dL.

2.3 | DNA genotyping

Genomic	 DNA	 was	 extracted	 from	 peripheral	 blood	 leukocytes	
by using salting out procedure optimized by Salazar et al26	 LDLR	
rs5925	 involves	 a	 substitution	 of	 C	 for	 T	 in	 the	 third	 base	 of	
codon	 632	 located	 in	 exon	 13,	 which	 introduces	 a	 synonymous	
mutation that creates a recognition site for AvaII endonucle‐
ase.8	Genotyping	 for	LDLR polymorphism was carried out by PCR 
amplification	 of	 a	 228	 bp	 amplicon,	 using	 the	 forward	 primer	 of	
5′‐GTCATCTTCCTTGCCTGTTTAG‐3′	 and	 a	 reverse	 primer	 of	 5′‐
GTTTCCACAAGGAGGTTTCAAGGTT‐3′,	 described	 by	 Ahn	 et	 al8 
PCR	amplification	 reaction	was	performed	with	50	ng	of	genomic	
DNA,	0.2	mmol/L	of	dNTPs	mix,	2	mmol/L	of	MgCl2,	200	nmol/L	of	
each	primer,	1	U	Taq	polymerase	(New	England	Biolabs	Inc),	and	PCR	
buffer	(20	mmol/L	Tris‐HCl,	10	mmol/L	(NH4)2SO4,	10	mmol/L	KCl,	
2	mmol/L	MgSO4,	0.1%	Triton

®‐X‐100,	pH	8.8).	The	thermocycling	
conditions	were	as	follows:	35	cycles	consisting	on	denaturation	at	
95°C	 for	1	minute,	 annealing	at	58°C	 for	1	minute,	 and	extension	

at	72°C	for	1	minute.	PCR	products	were	evaluated	in	2%	agarose	
gel	 electrophoresis,	 and	 subsequently,	 7	 µL	 of	 PCR	 products	was	
digested	 with	 1	 U	 of	 AvaII	 (New	 England	 Biolabs	 Inc).	 Reactions	
were	incubated	at	37°C	for	12	hours	and	detected	in	2%	agarose	gel	
electrophoresis.

PCSK9	gene	mutation	 involves	a	substitution	of	A	for	G	 in	the	
second	base	of	codon	670	located	in	exon	12,	which	introduces	an	
amino acid substitution from glutamate to glycine.17	 Genotyping	
analysis	 for	PCSK9	 rs23968	A	>	G	polymorphism	was	determined	
by	real‐time	PCR	using	4351379	TaqMan®	SNP	Genotyping	Assays,	
Human,	SM	(ID	998744,	Applied	Biosystems).	The	PCR	reaction	was	
performed following standard conditions from the manufacturer. 
Briefly,	 assays	 contained	1	µL	DNA	 (20	ng),	 6.25	µL	2×	TaqMan® 
PCR	 master	 mix,	 0.625	 µL	 20	 TaqMan®	 genotyping	 assay,	 and	
5.125	µL	nuclease‐free	water	 for	13	µL	total	volume.	Thermal	cy‐
cling	 conditions	 for	 real‐time	 system	 were	 initial	 denaturation	 at	
95°C	for	10	minutes,	followed	by	50	cycles	of	denaturation	at	95°C	
for	15	seconds,	annealing	and	extension	at	60°C	for	1	minute,	and	a	
final	extension	at	60°C	for	30	seconds.

2.4 | Statistical analyses

Genotype	 and	 allele	 frequencies	 were	 obtained	 by	 direct	 gene	
counting.	 The	 genotype	 distribution	 for	 the	 Hardy‐Weinberg	
equilibrium	 (HWE)	 was	 assessed	 by	 chi‐squared	 analysis.	 The	
Shapiro‐Wilk	test	was	performed	to	test	for	normal	distribution	of	
continuous variables. Continuous variables were represented as 
means 	±	  standard	deviation	 (SD).	Comparison	of	continuous	vari‐
ables	was	performed	using	Student's	t	test	or	ANOVA	one‐way	test.	
The multiple comparisons were performed by Bonferroni method. 
The statistical analyses were performed using the Sigma Stat sta‐
tistical	 software	 (Systat	Software	 Inc).	A	P	<	 .05	was	 regarded	as	
statistically significant.

3  | RESULTS

Anthropometrics	 and	 clinical	 characteristics	 of	 178	 individuals	
(28%	male	and	72%	female)	recruited	for	this	study	are	summarized	
in	Table	1.	The	average	age	was	22.8	±	0.6	years	(25.3	±	1.6	years	
for	male	 and	 21.8	 ±	 0.5	 years	 for	 female).	 All	 participants	 in	 this	
study	had	normal	value	for	anthropometric	body	mass	index	(BMI)	
24.1	±	3.7	kg/m2	 (24.6	±	3.5	kg/m2	for	male	and	23.6	±	3.7	kg/m2 
for	female).	Clinical	characteristics	were	normal	as	well,	with	systolic	
blood	pressure	(SBP)	of	116.8	±	14.8	mm	Hg	(118.3	±	13.6	mm	Hg	for	
male	and	115.6	±	15.7	mm	Hg	for	female)	and	diastolic	blood	pres‐
sure	(DBP)	of	69.9	±	12.6	mm	Hg	(70.3	±	15.0	mm	Hg	for	male	and	
69.5	±	10.4	mm	Hg	for	female).	Plasma	glucose	and	lipid	profile	were	
all	 in	 the	 reference	 values,	 glucose	 85.5	 ±	 1.9	mg/dL;	 cholesterol	
163.1	±	10.0	mg/dL;	triglycerides	94.4	±	7.7	mg/dL;	HDL‐cholesterol	
46.7	±	0.6	mg/dL;	and	LDL‐cholesterol	84.3	±	2.7	mg/dL.	Analysis	
by	gender	is	shown	in	Table	1.	No	significant	differences	were	found	
among groups.
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The genotype distribution of LDLR	rs5925	and	PCSK9	rs505151	
genetic	 variants	was	 consistent	with	 the	Hardy‐Weinberg	 equilib‐
rium as shown in Table 2. The relative frequency of LDLR	 rs5925	
polymorphism	in	the	studied	group	was	0.55	for	mutated	allele	(T).	
The	relative	frequency	of	rs505151	PCSK9	polymorphism	was	0.03	
for	mutated	allele	(G).

Based	on	previous	reports,	11,24,25 we studied the potential asso‐
ciation	of	both	rs5925	LDLR	and	rs505151	PCSK9	genetic	variants	

with plasma lipid levels. The results showed significant lower values 
of	TC,	TG,	and	LDL‐C	(P	<	 .05)	 in	 individuals	carrying	LDLR	 rs5925	
mutated allele (T) in either homozygous TT or heterozygous CT when 
compared	 to	 CC	 homozygous	 genotype.	Moreover,	 similar	 results	
were	observed	for	TC,	TG,	and	LDL‐C	in	the	female	group	(P	<	.05).	
However,	in	the	male	group	only	TC	showed	lower	values	for	hetero‐
zygous CT subjects (P	<	.05).	The	results	are	shown	in	Table	3.

Analysis	of	PCSK9	rs505151	genetic	variant	showed	no	changes	
in	 lipid	profile	 for	 the	 total	group	of	 individuals	 studied.	However,	
the	presence	of	mutated	allele	(G)	in	the	male	group	was	associated	
with lower values in TC (P	<	.05)	and	TG	(P	<	.05)	when	compared	to	
men	carrying	AA	genotype.	On	the	other	hand,	in	the	female	group	
we found higher values of TC (P	<	.05)	associated	with	the	presence	
of	mutated	allele	(G)	when	compared	to	women	carrying	the	AA	gen‐
otype.	 In	addition,	the	female	carrying	AG	heterozygous	genotype	
showed	significant	higher	values	of	TC,	TG,	HDL‐C,	and	LDL‐C	when	
compared to male group carrying the same genotype. The results are 
shown in Table 3.

4  | DISCUSSION

This is the first study highlighting the frequency of LDLR and 
PCSK9 genetic variants and their relationship with plasma lipid lev‐
els	 in	healthy	 individuals	 from	Antofagasta	 city	 (northern	Chile).	
In	 the	studied	group,	 the	relative	 frequency	for	mutated	allele	T	
of	 rs5925	 (LDLR)	was	 0.55,	which	 is	 not	 very	 different	 for	 that	
found	in	individuals	from	southeastern	Brazil,	non‐Hispanic	white	
population	 in	 North	 America,	 and	 normocholesterolemic	 indi‐
viduals	from	Italy,	Germany,	and	the	Netherlands.8,11,27	However,	
this rate was different from the allele frequency found in Chilean 
Amerindian	 hypercholesterolemic	 subjects	 (0.44)	 from	 southern	
Chile,	healthy	Caucasian	Brazilian	individuals,	and	Chinese	popula‐
tion.7,9‐11	The	analysis	of	PCSK9	mutated	allele	(G)	frequency	was	
0.03,	similar	to	the	previously	described	for	healthy	and	coronary	
disease	patients	from	southern	Chile,	American	Indians,	European	

TA B L E  1  Anthropometric	and	clinical	characteristics	of	the	
studied individuals

Parameter Total (178) Male (49)
Female 
(129)

Age	(years) 22.8	±	0.6 25.3	±	1.6 21.8	±	0.5

BMI	(kg/m2) 24.1	±	3.7 24.6	±	3.5 23.6	±	3.7

Cigarette	smoking	
(%)

21.3 15.5 23.5

Alcohol	consump‐
tion (%)

71 77.6 68.5

Drug consumption 
(%)

14 12.1 14.7

Physical activity (%) 64 85 57

SBP (mm Hg) 116.8	±	14.8 118.3	±	13.6 115.6	±	15.7

DBP (mm Hg) 69.9	±	12.6 70.3	±	15.0 69.5	±	10.4

Glucose	(mg/dL) 85.5	±	1.9 84.8	±	3.0 90.7	±	5.2

Cholesterol	(mg/dL) 163.1	±	10.0 176.9	±	25.1 157.8	±	10.0

Triglycerides	(mg/dL) 94.4	±	7.7 96.7	±	9.0 93.5	±	10.1

HDL‐Cholesterol	
(mg/dL)

46.7	±	0.6 45.8	±	1.2 46.9	±	0.7

LDL‐Cholesterol	
(mg/dL)

84.3	±	2.7 88.4	±	4.9 82.7	±	3.2

Note: Number	of	subjects	in	parentheses.	Values	are	expressed	as	
mean	±	SD.
Abbreviations:	BMI,	body	mass	index;	DBP,	diastolic	Blood	Pressure;	
HDL‐C,	high‐density	lipoprotein	cholesterol;	LDL,	low‐density	lipopro‐
tein	cholesterol;	SBP,	systolic	Blood	Pressure.

TA B L E  2  Genotype	distribution	and	relative	allele	frequency	for	the	evaluated	genetic	variants

 

Genotype (%)

P‐value* 

Allele frequency

CC CT TT C T

LDLR	(rs5925)	n	=	172

Total 32 (19) 91	(53) 49	(28) .37 0.45 0.55

Male 9 (20) 23	(50) 14 (30) .93

Female 23	(18) 68	(54) 35	(28) .32

 AA AG GG  A G

PCSK9	(rs505151)	n	=	178

Total 166	(93) 12	(7) 0 (0) .64 0.97 0.03

Male 46	(94) 3	(6) 0 (0) .83

Female 120 (93) 9	(7) 0 (0) .75

*Chi‐square	analysis	was	used	to	test	Hardy‐Weinberg	Equilibrium.	
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population,	 European	 elderly	 individuals	 with	 vascular	 disease,	
and Chinese population.17,19,21,24,28	The	difference	in	LDLR	rs5925	
allelic frequency in individuals from the north and south of Chile 
can	be	explained	because	the	genetic	composition	of	Chilean	peo‐
ple	 is	 the	 result	of	 a	miscegenation	process	where	 larger	Native	
American	 (42%)	 and	 European	 (55%)	 and	 smaller	 African	 (2%)	
ancestry	 contributed	 to	 admixed.	 In	 addition,	 Native	 American,	
European,	 and	 African	 ancestry	 proportions	 in	 individuals	 from	
the north are different to those from central and southern Chile. 
European	ancestry	contribution	is	highest	in	central	region,	Native	
American	 ancestry	 predominates	 particularly	 in	 the	 south,	 and	
African	 ancestry	 contribution	 is	 highest	 in	 the	 north	 (3.9%)	 and	
markedly	 decreases	 to	 the	 south	 (1.6%).29‐31 The observations 
suggesting	 that	 genetic	background	of	Chilean	 individuals	 is	not	
uniformly	distributed	along	 the	country,	with	changes	 in	African	
ancestry from north to south and from central to southern re‐
gions	 for	European	and	Native	American	ancestry,	 could	explain	
that	 studied	 allele	 frequencies	 showed	 a	 geographic‐dependent	
pattern.

Regarding	 to	 lipid	 profiles,	 the	 results	 showed	 lower	 levels	 of	
TC	 and	 LDL‐C	 compared	 to	 healthy	 age‐matched	 individuals	 from	
central and south regions of Chile.32,33	Although	controversial,	sea‐
sonal	variations	might	contribute	to	changes	 in	plasma	 lipid	 levels,	
suggesting higher values for winter and lower values for summer for 
both genders.34,35 The north of Chile is a hot and dry desertic re‐
gion,	with	no	distinct	seasons	and	having	temperature	range	3‐5°C	
higher	than	central	and	southern	regions,36 and these characteristics 
could	account	for	the	lower	TC	and	LDL‐C	values	found	in	the	stud‐
ied	individuals.	In	addition,	data	showed	a	significant	association	be‐
tween	LDLR	rs5925	mutated	allele	(T)	and	TC,	TG,	and	LDL‐C	when	
compared to reference allele (C). Similar results were observed in 
non‐Hispanic	white	and	Hispanic	women	and	young	and	old	normal	
individuals from Italy.8,12	However,	 no	differences	 in	 TC	or	 LDL‐C	
were	 found	 in	 Chilean	 Amerindian	 hypercholesterolemic	 subjects	
prior to atorvastatin treatment.11	On	 the	 other	 hand,	 the	 present	
study	 showed	 significant	 association	 between	 PCSK9	 rs505151	
mutated	 allele	 (G)	 and	plasma	 levels	 of	TC	 and	 LDL‐C	 in	men	 and	
women,	although	the	effects	were	opposite	showing	lower	levels	for	
male	and	higher	levels	for	females.	In	addition,	the	female	group	car‐
rying	the	mutated	G	allele	showed	higher	levels	of	TC,	TG,	HDL‐C,	
and	LDL‐C	than	men	with	same	allelic	variant.	However,	the	impact	
of these results may have low relevance due to the lower frequency 
(0.03) of this allele in the studied subjects.

Previously,	 the	mutated	 allele	 (G)	 of	 PCSK9	 rs505151	was	 as‐
sociated	 with	 higher	 values	 of	 lipid	 levels	 in	 Chinese	 population,	
elderly	 population	 with	 vascular	 disease,	 hypercholesterolemic	
Brazilian	subjects	and	American	Indian.19,20,28,37	 In	contrast,	no	as‐
sociation was found between PCSK9 mutated allele and serum lipid 
levels in different populations.21‐23 These divergent results could be 
explained	by	 the	 interactions	 between	 genetic	 and	 environmental	
factors. The susceptibility of a genotype can be variable or differ‐
ent depending on environmental factors or by pleiotropic effects 
of	different	genes	might	modulate	 the	expression	of	a	 susceptible	TA
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genotype contributing to the manifestation of a disease. Knowledge 
of	 gene‐environment	 interactions	 allows	 for	 the	 identification	 of	
new	genetic	variants,	enables	predictive	studies	of	diseases	in	high‐
risk	 populations,	 and	 helps	 to	 stimulate	 public	 health	 policies	 or	
strategies for the prevention of diseases.38	Finally,	 several	 studies	
have introduced evidence that genetic factors contribute to mani‐
festation of cardiovascular diseases in an equivalent way to environ‐
mental factors.39

In	summary,	the	results	suggest	that	LDLR	and	PCSK9	polymor‐
phisms	play	a	significant	role	in	regulating	plasma	lipid	levels,	partic‐
ularly	TC	and	LDL‐C,	in	healthy	individuals	from	the	north	of	Chile.	
The data together support the evidence that presence of mutated 
allele	(T)	for	LDLR	rs5925	genetic	variant	could	be	an	important	pre‐
dictor	of	high	level	of	lipids	and	therefore	risk	of	CVD	especially	in	
females.	However,	 in	 order	 to	 confirm	 the	 influence	 of	 LDLR	 and	
PSCK9	genotypes	on	plasma	lipid	levels,	enrolling	a	greater	number	
of	individuals	as	well	as	case‐control	study	are	required.	Overall,	we	
suggest this genomic approach could contribute to understand sus‐
ceptibility	to	develop	CVD	and	to	help	as	cardiovascular	risk	markers	
in population from the northern Chile. Knowing new factors that 
predispose	 to	 cardiovascular	 diseases,	 such	 as	 polymorphisms	 of	
candidate	genes,	can	help	to	elaborate	risk	score	tables	similar	to	the	
Framingham	Model,	 study	 to	 take	preventive	or	 therapeutic	mea‐
sures,	and	predict	the	risk	beyond	the	conventional.40

5  | CONCLUSIONS

The present study shows that genotype distribution for LDLR	rs5925	
and PCSK9	 rs505151	 genetic	 variants	 was	 consistent	 with	 the	
Hardy‐Weinberg	equilibrium.	No	differences	by	gender	of	genotype	
distribution or relative allele frequencies were observed. The effect 
of LDLR	rs5925	and	PCSK9	rs505151	gene	polymorphisms	on	plasma	
lipid levels is associated with gender among healthy subjects from 
northern Chile. The clinical utility of these genetic variants in the 
prediction	of	cardiovascular	risk	needs	to	be	investigated	in	a	future	
case‐control	study	including	a	major	number	of	individuals.

ACKNOWLEDG MENTS

We are grateful to all participants who donate their blood to perform 
this study.

CONFLIC T OF INTERE S T

The authors declare that they have no competing interest.

AUTHOR ' S CONTRIBUTIONS

All	authors	have	read	the	manuscript	and	agreed	with	the	content.	
JEV	conceived	and	designed	the	study;	CR	and	HR	performed	the	
experiments;	CR,	HR,	and	ASG	analyzed	the	data;	LAS	participated	
in the design of the study and contributed reagents/materials and 

analysis	 tools;	LAS	and	AMK	reviewed	and	edited	the	manuscript;	
and	ASG	and	JEV	wrote	the	paper.

E THIC AL APPROVAL

This	study	was	approved	by	the	Ethics	Committee	of	Universidad	de	
Antofagasta	(Chile),	and	all	participants	signed	an	informed	consent.

DATA AVAIL ABILIT Y S TATEMENT

The datasets analyzed during the current study are available from 
the corresponding author on reasonable request.

CONSENT FOR PUBLIC ATION

Not	applicable.

ORCID

Jorge Escobar‐Vera  https://orcid.org/0000‐0002‐2288‐9555 

R E FE R E N C E S

	 1.	 Smolková	B,	Bonassi	 S,	 Buociková	V,	 et	 al.	Genetic	 determinants	
of	 quantitative	 traits	 associated	with	 cardiovascular	 disease	 risk.	
Mutat Res.	2015;778:18‐25.

	 2.	 Bächler	 R,	 Icaza	 G,	 Soto	 A,	 et	 al.	 Epidemiología	 de	 las	 muertes	
prematuras	 en	 Chile	 en	 la	 década	 2001–2010.	 Rev Méd Chil. 
2017;145:319‐326.

	 3.	 Homsma	S,	Huijgen	R,	Middeldorp	S,	Sijbrands	E,	Kastelein	J.	Molecular	
screening for familial hypercholesterolaemia: consequences for life 
and disability insurance. Eur J Hum Genet.	2008;16:14‐17.

	 4.	 Goldstein	JL,	Brown	MS,	Anderson	R,	Russell	DW,	Schneider	WJ.	
Receptor‐mediated	endocytosis:	concepts	emerging	from	the	LDL	
receptor system. Annu Rev Cell Biol.	1985;25:1450‐1461.

	 5.	 Sudhof	 T,	 Goldstein	 J,	 Brown	 M,	 Russell	 D.	 The	 LDL	 receptor	
gene:	 a	 mosaic	 of	 exons	 shared	 with	 different	 proteins.	 Science. 
1985;228:815‐822.

	 6.	 Defesche	JC,	Gidding	SS,	Harada‐Shiba	M,	Hegele	RA,	Santos	RD,	
Wierzbicki	AS.	Familial	hypercholesterolaemia.	Nat Rev Dis Primers. 
2017;3:17093.

	 7.	 Long	X‐J,	 Yin	 R‐X,	 Li	 K‐L,	 et	 al.	 Low	 density	 lipoprotein	 receptor	
gene	Ava	II	polymorphism	and	serum	lipid	levels	in	the	Guangxi	Bai	
Ku	Yao	and	Han	populations.	Lipids Health Dis. 2011;10:34.

	 8.	 Ahn	YI,	Kamboh	MI,	Aston	CE,	Ferrell	RE,	Hamman	RF.	Role	of	com‐
mon	genetic	polymorphisms	in	the	LDL	receptor	gene	in	affecting	
plasma cholesterol levels in the general population. Arterioscler 
Thromb.	1994;14:663‐670.

	 9.	 Salazar	LA,	Hirata	MH,	Giannini	SD,	et	al.	Effects	of	Ava	II	and	Hinc	
II	polymorphisms	at	the	LDL	receptor	gene	on	serum	lipid	levels	of	
Brazilian	individuals	with	high	risk	for	coronary	heart	disease.	J Clin 
Lab Anal.	1999;13:251‐258.

	10.	 Salazar	LA,	Hirata	MH,	QuintãoE,	Hirata	R.	Lipid‐lowering	response	
of	 the	HMG‐CoA	 reductase	 inhibitor	 fluvastatin	 is	 influenced	 by	
polymorphisms	 in	 the	 low‐density	 lipoprotein	 receptor	 gene	 in	
Brazilian patients with primary hypercholesterolemia. J Clin Lab 
Anal.	2000;14:125‐131.

	11.	 Humphries	S,	Coviello	DA,	Masturzo	P,	Balestreri	R,	Orecchini	G,	
Bertolini	S.	Variation	in	the	low	density	 lipoprotein	receptor	gene	

https://orcid.org/0000-0002-2288-9555
https://orcid.org/0000-0002-2288-9555


     |  7 of 7ROJAS et Al.

Is associated with differences in plasma low density lipoprotein 
cholesterol levels in young and old normal Individuals from Italy. 
Arterioscler Thromb.	1991;11:509‐516.

	12.	 Hansen	 PS,	Defesche	 JC,	 Kastelein	 J,	 et	 al.	 Phenotypic	 variation	
in patients heterozygous for familiar defective apolipoprotein B 
(FDB)	 in	 three	 european	 countries.	Arterioscler Thromb Vasc Biol. 
1997;17:741‐747.

	13.	 Lagos	 J,	Zambrano	T,	Rosales	A,	Salazar	L.	APOE	polymorphisms	
contribute	to	reduced	atorvastatin	response	in	Chilean	Amerindian	
subjects. Int J Mol Sci.	2015;16:7890‐7899.

	14.	 Seidah	NG,	Benjannet	S,	Wickham	L,	et	al.	The	secretory	propro‐
tein	convertase	neural	apoptosis‐regulated	convertase	1	(NARC‐	1):	
Liver	regeneration	and	neuronal	differentiation.	Proc Natl Acad Sci 
USA.	2003;100:928‐933.

	15.	 Seidah	 NG,	 Prat	 A.	 The	 secretory	 proprotein	 convertases	 are	
potential targets in the treatment of dyslipidemia. J Mol Med. 
2007;85:685‐696.

	16.	 Horton	JD,	Cohen	C,	Hobbs	HH.	Molecular	biology	of	PCSK9:	 its	
role	in	LDL	metabolism.	Trends Biochem Sci.	2007;32:71‐77.

	17.	 Evans	D,	Beil	FU.	The	E670G	SNP	in	the	PCSK9	gene	is	associated	
with polygenic hypercholesterolemia in men but not in women. 
BMC Med Genet.	2006;7:66.

	18.	 Qiu	C,	Zeng	P,	Li	X,	et	al.	What	is	the	impact	of	PCSK9	rs505151	and	
rs11591147	polymorphisms	on	serum	lipids	level	and	cardiovascu‐
lar	risk:	a	meta‐analysis.	Lipids Health Dis.	2007;16:111.

	19.	 Tsai	C‐W,	North	KE,	Tin	A,	et	al.	Both	rare	and	common	variants	in	
PCSK9	Influence	plasma	low‐density	lipoprotein	cholesterol	level	in	
American	Indians.	J Clin Endocrinol Metab.	2015;100:E345‐E349.

	20.	 Chen	SN,	Ballantyne	CM,	Gotto	AM,	Tan	Y,	Willerson	JT,	Marian	AJ.	
A	common	PCSK9	haplotype,	encompassing	the	E670G	coding	sin‐
gle	nucleotide	polymorphism,	is	a	novel	genetic	marker	for	plasma	
low‐density	lipoprotein	cholesterol	levels	and	severity	of	coronary	
atherosclerosis. J Am Coll Cardiol.	2005;45:1611‐1619.

	21.	 Polisecki	 E,	 Peter	 I,	 Robertson	M,	 et	 al.	 Genetic	 variation	 at	 the	
PCSK9	 locus	 moderately	 lowers	 low‐density	 lipoprotein	 choles‐
terol	levels,	but	does	not	significantly	lower	vascular	disease	risk	in	
an elderly population. Atherosclerosis.	2008;200:95‐101.

	22.	 Salazar	LA,	Zambrano	T,	Jaramillo	P,	et	al.	Frecuencia	de	la	variante	
23968A	>	G	del	gen	PCSK9	en	individuos	chilenos	con	enfermedad	
coronaria confirmada por angiografía y controles. Rev Chil Cardiol. 
2007;27:43‐50.

	23.	 Zambrano	T,	Caamaño	JM,	Rosales	A,	et	al.	PCSK9	polymorphism	
rs505151	affects	lipid‐lowering	response	to	atorvastatin	but	does	
not influence ezetimibe therapy in Chilean subjects. Proceedings 
of	 the	 9th	 International	 Congress	 of	 Coronary	 Artery	 Disease.	
2011.

	24.	 Kotowski	 IK,	Pertsemlidis	A,	Luke	A,	et	al.	A	 spectrum	of	PCSK9	
alleles	contributes	to	plasma	levels	of	low‐density	lipoprotein	cho‐
lesterol. Am J Hum Genet.	2006;78:410‐422.

	25.	 Huang	C‐C,	Fornage	M,	Lloyd‐Jones	DM,	et	al.	Longitudinal	asso‐
ciation	of	PCSK9	sequence	variations	with	low‐density	lipoprotein	
cholesterol	levels:	The	coronary	artery	risk	development	in	young	
adults study. Circ Cardiovasc Genet.	2009;2:354‐361.

	26.	 Salazar	LA,	Melo	CE,	Cavalli	AS,	et	al.	Micrométodo	para	extração	
de	DNA	genômico	útil	no	diagnóstico	molecular	da	hipercolesterol‐
emia familial. RBAC.	2001;33(3):111‐116.

	27.	 Nakazone	MA,	De	Marchi	MA,	Pinhel	M,	 et	 al.	 Effects	 of	APOE,	
APOB	and	 LDLR	variants	 on	 serum	 lipids	 and	 lack	of	 association	
with	 xanthelasma	 in	 individuals	 from	 Southeastern	 Brazil.	 Genet 
Mol Biol.	2009;32:227‐233.

	28.	 Aung	L,	Yin	R‐X,	Miao	L,	et	al.	The	Proprotein	convertase	subtili‐
sin/kexin	type	9	gene	E670G	polymorphism	and	serum	lipid	levels	
in	the	Guangxi	Bai	Ku	Yao	and	Han	populations.	Lipids Health Dis. 
2011;10:5.

	29.	 Ruiz‐Linares	 A,	 Adhikari	 K,	 Acuña‐Alonzo	 V,	 et	 al.	 Admixture	 in	
Latin	 America:	 geographic	 structure,	 phenotypic	 diversity	 and	
self‐perception	of	ancestry	based	on	7,342	individuals.	PLoS Genet. 
2014;10:e1004572.

	30.	 Eyheramendy	 S,	 Martinez	 FI,	 Manevy	 F,	 Vial	 C,	 Repetto	 GM.	
Genetic	 structure	 characterization	 of	 Chileans	 reflects	 historical	
immigration patterns. Nat Commun.	2015;6:6472.

	31.	 Fuentes	M,	 Pulgar	 I,	Gallo	C,	 et	 al.	Gene	 geography	of	Chile:	 re‐
gional	distribution	of	American,	European	and	African	genetic	con‐
tributions. Rev Méd Chil.	2014;142:281‐289.

	32.	 Caamaño	F,	Alarcón	M,	Delgado	P.	Niveles	de	obesidad,	perfil	me‐
tabólico,	consumo	de	tabaco	y	presión	arterial	en	jóvenes	sedentar‐
ios. Nutr Hosp.	2015;32:2000‐2006.

	33.	 Arteaga	A,	Bustos	P,	Soto	R,	Velasco	N,	Amigo	H.	Actividad	física	y	
su	asociación	con	factores	de	riesgo	cardiovascular.	Un	estudio	en	
adultos	jóvenes.	Rev Méd Chil.	2010;138:1209‐1216.

	34.	 Zhou	X,	Lin	H,	Zhang	S,	et	al.	Effects	of	climatic	factors	on	plasma	
lipid	levels:	A	5‐year	longitudinal	study	in	a	large	Chinese	popula‐
tion. J Clin Lipidol.	2016;10:1119‐1128.

	35.	 Kreindl	C,	Olivares	M,	Brito	A,	et	al.	Variación	estacional	del	perfil	
lipídico	 en	 adultos	 aparentemente	 sanos	 de	 Santiago,	 Chile.	Arch 
Latinoam Nutr.	2014;64:145‐152.

	36.	 McKay	 CP,	 Friedmann	 EI,	 Gómez‐Silva	 B,	 Cáceres‐Villanueva	 L,	
Andersen	DT,	 Landheim	R.	Temperature	 and	moisture	 conditions	
for	life	in	the	extreme	arid	region	of	the	Atacama	desert:	four	years	
of	observations	 including	 the	El	Niño	of	1997–1998.	Astrobiology. 
2003;3:393‐406.

	37.	 Anderson	JM,	Cerda	A,	Hirata	MH,	et	al.	Influence	of	PCSK9	poly‐
morphisms on plasma lipids and response to atorvastatin treatment 
in Brazilian subjects. J Clin Lipidol.	2014;8:256‐264.

	38.	 Ottman	 R.	 Gene–environment	 interaction:	 definitions	 and	 study	
designs. Prev Med.	1996;25:764‐770.

	39.	 McPherson	R,	Tybjaerg‐Hansen	A.	Genetics	of	coronary	artery	dis‐
ease. Circ Res.	2016;118:564‐578.

	40.	 Anderson	KM,	Wilson	PW,	Odell	PM,	Kannel	WB.	An	updated	cor‐
onary	risk	profile.	A	statement	for	health	professionals.	Circulation. 
1991;83:356‐362.

How to cite this article:	Rojas	C,	Ramírez	H,	Salazar	LA,	
Kalergis	AM,	Gálvez	AS,	Escobar‐Vera	J.	Characterization	of	
LDLR	rs5925	and	PCSK9	rs505151	genetic	variants	
frequencies in healthy subjects from northern Chile: 
Influence on plasma lipid levels. J Clin Lab Anal. 
2019;33:e23001. https ://doi.org/10.1002/jcla.23001 

https://doi.org/10.1002/jcla.23001

